Introduction
Bangladesh is located in the North East. The country is bordered by India on the West, the North, and the Northeast, Myanmar on the Southeast and the Bay of Bengal on the South. It is primarily an agricultural country dominated by crop production. Contribution of crop sector to Gross Domestic Product (GDP) is 13.44 percent (DAE, 2013) . Maize (Zea mays) is grown from 58 0 N to 40 0 S, from below sea level to altitudes higher than 3000 m, and in areas with 250 mm to more than 5000 mm of rain fall per year with a growing cycle ranging from 3 to 13 months (Anon. 2009). In terms of area of production it is the third most important cereal crop in Bangladesh (Moniruzzaman et al., 2009 ). The condition of maize has been gaining popularity in recent years in Bangladesh. It is now becoming an important cereal crop for its high productivity and diversity (Alom et al., 2010) . In Bangladesh maize has been cultivated in 2.02 lakh hectares with a production of 13.17 lakh metric tons in 2010 (BBS, 2011) . Bangladesh grows moderate quantities of maize, which do not meet domestic demand. To meet the local demand Bangladesh has to import a good quantity of maize from exporting countries like India, Australia, China, USA and so on. Under the increasing trend of cultivation, the demand for hybrid seed is increasing rapidly. Bangladesh imported huge quantities of hybrid maize seed since 2000-01 fiscal year. In 2010-11, Bangladesh imported 2071.97 metric ton maize seed while it was 167.92 metric ton in 2000 -01 (DAE, 2013 .
A number of pathogens are likely to be associated with maize seed (Bari and Alam, 2004) . Six different diseases viz., leaf blight, yellow spot, stalk rot, stem rot, cob sheath rot/cob blight and mosaic were also reported to occur on three varieties of maize named Barnali, Mohor and Shuvra (Siddique, 1996) . Fakir (2001) listed 11 seed-borne diseases on this crop. New pathogen may introduce in the country through imported maize seed and could pose a great threat to domestic agriculture. Listing of quarantine pathogen is also a vital factor to make a good trade of maize worldwide. Beside this, Bangladesh is surrounded by India and Myanmar from three sides. The pathways of the pathogen may be both inter and intra country and threats of massive spread of quarantine pathogens through illegal carrying, boarder belt informal, illegal black marketing and formal imports of seeds and plant materials. Pathogens also may enter by flood and rain waters, wind etc. from neighboring countries. World Trade Organization (WTO) has proposed a set of rules and obligations in trading agricultural commodities. As a member state, Bangladesh must have to follow those rules and regulations. To satisfy the prerequisite of WTO for maize trade, it is necessary to conduct pest risk analysis (PRA) of maize in Bangladesh. Considering the above facts, the present investigation was undertaken to survey on existing maize diseases in the country, pathogen associated with maize seeds and also to prepare a list of quarantine pathogens of maize in Bangladesh.
Materials and Methods

Source of data and sampling procedure
A systematic sampling procedure was used both baseline and nationwide survey. In Bangladesh 20 major maize growing districts were selected for conducting survey analysis on maize diseases. A pre-designed questionnaire was used to collect information on level of knowledge on diseases of maize aspects of farmers and policy level officers. The total sample size was 440 shown in Table 1 . 
Survey on diseases of maize in selected locations of Bangladesh
The survey was covered with 40 upazilla of selected 20 districts shown inTable 2. Diseases of maize were listed according to the farmer's opinion during survey period. Survey data on "Pest Risk Analysis" was recorded through a questionnaire. The number of respondent farmer was 400 under 20 selected districts. A total of 20 Policy level officers of Department of Agricultural Extension (DAE) participated as respondent one from each district of the study area. A pre-designed questionnaire was used to collect data on regarding the diseases of maize. The Focus Group Discussion (FGD) for the "Pathogen Risk Analysis (PRA) of Maize and Listing of Quarantine Disease" in the target areas covering 20 districts of Bangladesh. One FGD was organized for each district/target area with 10 participants/respondents. In the FGD, picture of maize diseases was shown to the participants and their response was recorded in a pre-designed questionnaire for listing the diseases of maize. Accordingly, covering the districts/target areas under the experiment altogether 200 respondents were participated to express their opinion regarding the pests of maize and their risks. Diseases listed during focus group discussion were categorized as major and minor diseases with their causal organisms.
Laboratory Analysis
Lab experiment was conducted at the Seed Health Laboratory (SHL), Department of Plant Pathology, Sher-e-Bangla Agricultural University, Dhaka. During survey period, maize disease sample was collected from farmer's field and brought to the laboratory for further study. Samples were collected from 3 farmer's field in each district under the study area.
Identification of causal organisms and diseases
Maize plantation of the selected farmer's field observed carefully and symptoms of the diseases was recorded. To identify the pathogen, diseased plant parts were collected using sterilized polythene bags and brought to the laboratory and the sample washed thoroughly under running tap water and surface sterilized with 4% NaOCl. The diseased parts were then cut into 1.0 cm long pieces. One set of pieces were placed on three layers of wet blotters equidistantly in Perspex plates and another set placed on PDA medium. Both sets were incubated for 7 days under 12/12hr. alternate cycles of near ultra violet light and darkness at 22±2 o C. After 8 days of incubation, the disease causal organism(s) were identified. Four farmer's filed in each district was visited during survey period. "Maize disease: A Guide for Field Identification (4 th edition, 2004)" by CEMMYT was primarily used for disease identification in field. If symptoms did not match with the guide book then those disease symptoms were collected from field and brought to the laboratory for isolation causal organisms. After confirmation those diseases were listed.
Study on prevalence of seed borne pathogen of maize seed
Seeds of maize were collected from specified seed dealers and maize growers. Five seed samples (3 samples from seed dealers and 2 samples from farmers) were collected from each district. The collected seed samples were brought to the laboratory and subjected to a preliminary cleaning and then stored in paper packet in laboratory conditions for further study. Fungi associated with the seeds were studied by employing the blotter techniques recommended by the International Seed Testing Association (ISTA, 2001) . In all seed samples, 400 seeds were tested following Blotter Technique. Collected seeds were incubated on blotter and disease seeds were observed under stereomicroscope. The pathogenic structures (conidia, conidiophores, mycelium, ooze) associated with microorganisms were carefully observed under compound microscope.
Preparation of a list of maize diseases
A list of commonly occurring diseases of maize in Bangladesh has been prepared based on survey report, Focus Group Discussion (FGD) and laboratory seed health testing. Undertaking pathogen risk analysis A systematic process of pathogen risk assessment was followed as per ISPM No 11 at the stage 3 for undertaking pest risk analysis. Three interrelated steps were followed such as: (i) pathogen categorization, (ii) assessment of the probability of introduction and spread, and (iii) assessment of potential economic consequences (including environment and biodiversity at large). All the listed pathogen has been categorized and examines for each pathogen whether the criteria in the definition for a quarantine pathogen are satisfied. Then evaluate the pathway associated with maize for the various pests potentially associated with the pathway. The primary elements as listed here under were followed to categorize the pathogens as a quarantine pathogen. The primary elements are: identity of the pest, presence or absence in the PRA area, regulatory status, potential for establishment and spread in PRA area, and potential for economic consequences (including environmental consequences) in the PRA area.
Results and Discussion Diseases of maize in Bangladesh
During field survey, according to the farmer's opinion the diseases of maize and there level of incidence were recorded (Table 3) . Twenty policy level officers of DAE from 20 districts gave opinion on the occurrence of maize diseases during survey period (Table 4 ). The major findings of the FGD (Focus Group Discussion) comprising focal points are briefly mentioned in Table 5 . The diseased sample was collected during the survey and later diagnosis done in the laboratory. The diseases were identified based on the causal organism, symptoms and nature of damage study. 
Germination Percentage of Imported Maize Seed
The germination percentage of ten maize seed samples ranged from 0 -97 (Table 6 ). The maize variety Konok showed highest (97%) germination followed by Asha-3501 (87%) Victory seed (82%). These three maize varieties showed more than 80% germination and the rest seven varieties showed less than 80% germination. The variety Mukta 980 failed to germinate. Associated microorganisms in imported maize seeds There were six fungi and one bacterium associated with the seeds of different varieties of imported maize ( Table 7 ). The genera of fungi were Aspergillus spp., Penicillium spp., Rhizopus spp. and Fusarium moniliforme and the bacterium was Xanthomonas sp.. The highest incidence of Aspergillus spp. was found in maize variety BADC Khoi Bhutta (66%); Penicillium spp. in Pacific 759 and Mukta 980 (6%); Rhizopus spp. in Raza-777 (41%); and Fusarium moniliforme in Asha 3501 (40%). The fungi found in seeds can cause seed rot, grain rot and storage rot of maize seeds. All the seed variety was collected from local market and was found in packet form. After opening the packet the seeds were found treated with fungicides. It appeared from the observation that though the seeds were treated with fungicide, the seeds were not free from pathogen infection. 
Listing of maize diseases in Bangladesh
A list of the commonly occurring diseases of maize in Bangladesh has been prepared based on survey report, Focus Group Discussion (FGD) and laboratory seed health testing. All together 17 maize diseases with 30 causal organisms of which 23 fungus, 2 bacteria, 3 virus and 2 nematode was identified as existing maize disease and pathogen of Bangladesh (Table 8) . 
Pathogen risk analysis and risk identification
As per ISPM No.2 for risk analysis the pathogen status of importing country is taken into consideration. Bangladesh import maize from America, Australia, China and India. An assessment found at least 428 potential pathogens associated with maize (Anonymous, 1998) . These microorganisms were assessed for their presence in the maize exporting countries and Bangladesh, their ability to be transported with seed and bulk maize grain, and their ability to cause significant losses. The total 373 microorganisms have been reported in the maize exporting countries in the world. Out of them 16 pathogens from the maize exporting countries was sort out which have quarantine risk to Bangladesh (Table 9) .
Ten of these pathogens viz. Phymatotrichopsis omnivore, Cercospora zeae-maydis, Maize dwarf mosaic potyvirus, High Plains virus, Wheat streak mosaic rymovirus, Sclerospora graminicola, Phymatotrichopsis omnivore, Maize chlorotic mottle machlomovirus, Pantoea stewartii subsp. Stewartii, Clavibacter michiganensis subsp. nebraskensis have a higher overall risk. Some have the capacity to cause serious losses on commodities of substantially higher value than maize. Some of these high risk pathogens have relatively wide host ranges, extending to sorghum, wheat and naturalised grasses such as Johnson grass. In Bangladesh there are many situations where feedlots and crops of maize and wheat are in close proximity to each other. It is useful to compare the 10 highest risk pathogens with the work of Phillips (1994) . This study lists six of these pathogens as quarantine pathogens of concern but he did not include High Plains virus, Sclerospora graminicola and Phymatotrichopsis omnivora. Since this study, High Plains virus has been shown to be seed-borne, which justifies its present inclusion. The scope of the study did not cover pathogens that are not seed-borne. S. graminicola and P. omnivora are trash and soil-borne, and therefore could be present as contaminants in bulk maize.
Peronospora sorghi has been reported from USA, Latin America, North, Central and South America, Southeast Asia, India, Israel, Italy and Africa (Shurtleff, 1980) . The fungus is seed-borne (Richardson, 1990) . Maize dwarf mosaic potyvirus (MDMPV) is seed-borne and seed transmitted (Mikel et al., 1984) . The disease is important in USA (Gregory and Ayers, 1982) . High Plain Virus (HPV) was first found in wheat and maize plants from Texas and Idaho. In 1994 this disease was also observed in Kansas and Colorado. Pantoea stewartii subsp. stewartii (Stewart's wilt of sweet corn) spreads in China, Malaysia, Thailand, Vietnam, Italy, Poland, Romania, Yugoslavia, Canada, Mexico, USA, Costa Rica, Puerto Rico, Brazil, and Peru (Bradbury, 1986) . Ustilaginoidea virens (false smut) distributed worldwide in rice growing regions. The fungus has been reported to be seed borne in maize (Richardson, 1990) . The pathogen Clavibacter michiganensis subsp. nebraskensis is confined to USA and is seed-borne (Richardson, 1990) . Maize is the only natural host of this pathogen (Bradbury, 1986) . Dolichodorus heterocephalus is an ectoparasite and has been recorded principally in the USA, particularly Florida and also recorded in South Africa. Heterodera zeae has been rreported on maize in Egypt (Kheir et al., 1989) , India (Bajaj and Gupta, 1994) , Pakistan (Maqbool, 1981) , Thailand (Chinnasri et al., 1995) , and Maryland (Sardanelli et al., 1981) and Virginia (Eisenback et al., 1993) in the USA. Hoplolaimus columbus is root parasite exhibiting both ecto and endoparasitic habits. This nematode is an important parasite of soybean and cotton in Georgia and South Carolina in the USA (Fassuliotis, 1976) . Longidorus breviannulatus is an ectoparasite. It can be a devastating pathogen of maize and is known to attack maize in Delaware, Illinois and Iowa in the USA. Maize, grasses, potato, celery, grape, lettuce, and many other plants are hosts of this nematode (Shurtleff, 1980) . Pratylenchus scribneri is widespread in the USA and also recorded in Africa, Bulgaria, Egypt, India, Israel, Japan, Mexico, Netherlands, Nigeria, Sweden and Turkey (Loof, 1985) . Maize chlorotic mottle machlomovirus was first reported in maize from Peru (Brunt et al., 1996) and then spreads in Argentina, Mexico, Peru and the USA (Kansas, Nebraska and Hawaii) (Brunt et al., 1996; Jensen, 1985) . Wheat streak mosaic rymovirus was first reported in wheat from the USA (Brunt et al., 1996) . WSMV is seed-borne and transmitted naturally at a low level (Hill et al., 1974) . Phymatotrichopsis omnivora, a minor pathogen of maize. Cercospora zeae-maydis is a serious disease on maize in humid areas. However, it is regarded as less of an overall risk than some of the other fungal, bacterial and viral pathogens because it is likely to be only trash-borne and to be pathogenic only on maize.
Throughout the PRA process, information were gathered and analyzed as required to reach recommendations and conclusions. Scientific publications as well as technical information such as data from surveys and interceptions were considered. All the diseases listed are not found every year because their occurrence is influenced by environmental factors (temperature, humidity, soil moisture), previous cropping histories, crop location within the state, and availability of insect vectors (Zitter, 2009) . As the analysis progresses, information gaps may be identified necessitating further enquiries or research.
Conclusions
In Bangladesh, 17 maize diseases with 30 causal organisms were identified based on field survey, focus group discussion and laboratory analysis. The diseases are Fusarium rot, Pythium rot, Rhizoctonia rot, Pythium stalk rot, Fusarium stalk rot, leaf blight, brown spot, Curvularia leaf spot, Cercospora leaf spot, Phyllosticta leaf spot, downy mildew, rust, smut, anthracnose, cob rot, grain rot, bacterial wilt, bacterial stalk rot, maize mosaic, maize dwarf mosaic, maize leaf streak, rootlesion and root knot. Pathogen risk analysis identified the sixteen organisms viz. Phymatotrichopsis omnivore, Cercospora zeae-maydis, Maize dwarf mosaic potyvirus, High Plains virus, Wheat streak mosaic rymovirus, Sclerospora graminicola, Phymatotrichopsis omnivore, Maize chlorotic mottle machlomovirus, Pantoea stewartii subsp. Stewartii, Clavibacter michiganensis subsp. nebraskensis, Heterodera zeae, Ustilaginoidea virens, Dolichodorus heterocephalus, Hoplolaimus Columbus, Longidorus breviannulatus and Pratylenchus scribneri as potential quarantine pathogens of maize in Bangladesh. Ten of these pathogens have a higher overall risk. Some of these high risk pathogens have relatively wide host ranges, extending to sorghum, wheat and naturalised grasses. The scope of the study did not cover pathogens that are not seed-borne. Sclerospora graminicola and Phymatotrichopsis omnivora are trash and soil-borne, and therefore could be present as contaminants in bulk maize. The findings of this study may be used for issuing phytosanitary certificate during importing and exporting of maize seed.
